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Introduction

The Information Sciences and Human Factors (IS&HF) Division is one of five
divisions that comprise NASA's Office of Aeronautics and Exploration
Technology (OAET). This division sponsors research in both aeronautical and
space technology, and Annual Report documents the most significant
accomplishments during the past year. Each year, the Annual Report is
prepared to serve as the primary mechanism for coordinating NASA activities
with industry and industrial IR&D managers. This document also is intended
to communicate significant technical accomplishments to NASA
technologists, project engineers, other government agencies, and academia.

The IS&HF Program consists of seven major elements: Automation and
Robotics, Computer Sciences, Communications, Controls and Guidance, Data
Systems, Human Factors, and Sensor Technology. Accomplishments are
presented in all seven categories with Controls and Guidance and Human
Factors research represented in two sections, Space and Aeronautics.

The NASA Pathfinder Program was initiated in FY 1988 with the goal of
providing a strong technology foundation for the nation's future space
missions. The IS&HF Division has focused Pathfinder technology activities
in Planetary Rover Technology, Human Factors/EVA suit, Automated
Rendezvous and Docking, and Adaptive Hazard Avoidance Landing. In FY
1991, it is anticipated that more focused activities in Space Exploration
technologies will be initiated.

Within the Base Aeronautics Human Factors Program, focused efforts in
Aviation Safety/Automation were initiated in fiscal year 1989. The objectives of
this program include the development of human-centered automation
concepts for use in future transport aircraft and air traffic control (ATC)
stations. The integration of highly automated aircraft into the future ATC
system also will be addressed in this program augmentation. Beginning in
FY 1990, the Airborne Wind Shear Detection and Avoidance research efforts
were augmented to allow flight evaluation of Doppler radar, lidar, and
infrared sensors.

To aid in communicating program efforts, the names and phone numbers of
Headquarters program managers are included in this report along with the
names and phone numbers of the key center technologists who conducted or
managed the significant activities.

Division Director: Lee Holcomb
(202) 453-2747

Deputry Director: Ray Hood
(202) 453-2745
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Automation and Robotics

OAST created the Civil Space Technology Initiative (CSTI) to improve NASA space
technology. Of particular concern has been the cost of NASA ground and flight
operations, such that the CSTI program has focused significant resources on
development and demonstration of automation and robotics technologies for space
applications. Artificial intelligence and telerobotics, when applied to the space
environment, have the capability to improve productivity and enhance safety
significantly, as well as reduce the cost of NASA operations.

The Automation and Robotics Program is divided into two areas, with the Telerobotics
Program focusing on automation for in-space servicing, assembly, and repair.
Applications demonstrations are planned at NASA mission centers for the transfer of
the technology into the operations environment. Underlying the demonstrations are
five research areas that will develop expertise in robotics, supervisory control,
advanced teleoperation, and launch processing systems. Coordination with DARPA's
Automation and Robotics Program is achieved since NASA acts as a DARPA agent.

The Telerobotics Program has achieved major technology demonstrations through
three significant activities: the automated assembly of a planar truss space structure,
human/telerobot cooperative operations during repair of the Hubble Space Telescope
in a neutral-bouyancy simulation, and completion of components of the Solar Max
Repair mission using advanced teleoperations instead of astronaut EVA activities.
The Artificial Intelligence Program has developed an operational readiness prototype
expert system for monitoring the Shuttle communications systems and initial
integration of the EXODUS system for diagnostics and control of the Shuttle
Environmental Control System. Also, we developed an expert system for aiding in the
evaluation of the communications systems for unmanned planetary spacecraft,
which was first operationally used during the Voyager encounter with Neptune.

Major research goals were accomplished in the areas of telerobotics operator
interface and data analysis techniques. In the operator interface element, higher-
performance force reflecting hand controllers and triggers were tested for
teleoperation. In the Al data analysis techniques element, a collaborative effort with
DARPA began on research of intelligent communicating agents, while the Autoclass
probabilistic reasoning system produced striking new classes of spectral objects when
applied to Infrared Astronomical Satellite data.

In addition to the CSTI technologies, OAET has been reviewing the technology
requirements for future planetary and lunar missions and has packaged these into
the initiative called the Exploration Technology Program. In the area of exploration, a
significant amount of automation and robotics research will be focused on the
development of a planetary rover that would act in the place of humans in the
scientific discovery efforts of the Moon and Mars, semi-autonomously, with only
occasional communication and direction from Earth. This is a challenging problem
in that the rover will effectively be a mobile laboratory with its own instrumentation,
tools, and intelligence for self-navigation and rock sample acquisition and analysis.
This development effort is a requirement unique to NASA and builds on the in-house
expertise in automation and robotics that has resulted from the CSTI program.

Program Manager: Melvin Montemerlo
NASA/OAET/RC
Washington, DC 20546
(202) 253-2744 1
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Communications

The objective of the Communications Technology Program is to enable data
transmission to and from low-Earth orbit, geostationary orbit, and solar and deep
space missions. This can be achieved by maintaining an effective, balanced effort in
basic, applied, and demonstration prototype communications technology through
work in theory, experimentation, and components.

The program consists of three major research and development discipline areas: (1)
microwave and millimeter wave tube component research and development; (2) solid-
state monolithic integrated circuit research and development; and (3) free space laser
communications component and device research and development. The research
ranges from basic research in surface physics (to study the mechanisms of surface
degradation under high temperature and voltage operating conditions, which
impacts cathode tube reliability and lifetime) to generic research on the dynamics of
electron beams and circuits (for exploitation in various micrometer and millimeter
wave tube devices). Work is also performed on advanced III-V semiconductor
materials and devices for use in monolithic integrated analog circuits (used in
adaptive, programmable phased arrays for microwave antenna feeds and receivers),
on the use of electromagnetic theory in antennas, and on developing technology
necessary for eventual employment of lasers for free space communications for future
low-Earth, geostationary, and deep space missions requiring high data rates with
corresponding directivity and reliability.

Program Manager: Ramon P. De Paula
NASA/OAET/RC
Washington, DC 20546
(202) 453-2748
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Large Deployable Antenna (LDA) Configuration
Definition Guidelines

LDA Configuration Radiometer/Antenna Design Goals
Parameters R'm“:tf:,?’"

DISESININIBININAN

Frequency range 5-50GHz

chnn;'ng - Main reflector size 40m
Suo-refiector Subreflector size 0.5-0.6 x main reflector size
Fs".';lxtt‘;;reﬂector tracking FD 1.5-2.5

5 RMS surface accuracy 0.1mm
Feed

{main & subrefiector

Portion of full disk to scan

Mode 1 - full disk +7.5°

Mode 2 - limited scan $2.4°

Mode 3 - stare dwell on small region(s)
Beam efficiency >90%

Revisit requirements 1-3 hrs.

Thermal differential 100°

Deployable Truss Reflector Concept
(Pactruss Design)

Subrefiector
~5D

Panels approx.
2 x 3m, 6¢cm thick ~

A ,
~25-28m
\ Vertex \V/ Surface Rectanguiar

Facet Concept
39
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Submillimeter Backward-Wave Oscillator

. POWER OUTPUT 21 mW AT 270 OHa

. CONTINUOUSLY TUNABLE FROM 137 TO 311 GHa

. REDESIGNED ELECTRON GUN FOR CW OPERATION
SAPPHIRE LENS FOR QUAS! OPTICAL OUTPUT COUPLER
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Computer Sciences

The overall goal of the Computer Science Research Program is to foster the
advancement of computing technology targeted at aerospace applications. This goal is
being realized through a program of basic research and experimentation that focuses
on developing core skills within the Agency in disciplines critical to NASA and on
maintaining a strong university base of fundamental research in aerospace computer
science.

The research program is improving the state of knowledge of fundamental aerospace
computing principles. Computing technology in crucial space applications, such as
software engineering for very reliable systems and information extraction from data
collected by scientific instruments in space, is also being improved.

The program includes the development of special algorithms and techniques to exploit
the computing power provided by high performance parallel processors and special
purpose architectures. Problem areas of importance include computational fluid
dynamics, computational chemistry, structural analysis, signal processing, and
image processing. The computer architectures of interest include common and local
memory multiprocessors, single-instruction stream/multiple data stream processors,
static data flow processors, systolic arrays, and heterogeneous multiprocessors with
custom processors. Research is conducted in programming languages and
environments, parallel and distributed operating systems, and performance
measurements.

Research is also being conducted in the fundamentals of data base logic. This work
has resulted in the development of a common user interface for accessing data from
several data bases even when the data bases being accessed have very different
structures. This work provides the foundation that will enable NASA space data users
access to multiple data bases independent of the physical distribution or structure of
the data bases. This work will reduce the cost of such investigations and enable data
base intensive scientific research that would otherwise be unaffordable. Other work is
under way to develop and test an expert system that can serve as an assistant to
researchers analyzing space-derived data.

Research is being conducted to improve techniques for producing reliable computing
systems. That work is directed at both reducing the number of faults in software and
making systems that are tolerant to faults. New approaches and methods for software
management and engineering have been devised and are now being evaluated under
real working conditions. In addition, emphasis is being placed on the automatic reuse
of software to lower software production costs. Future objectives in a new software
engineering initiative will include research on the theoretical foundation and
extending and evaluating approaches for developing reliable complex software.

The Computer Sciences Program is coordinated with the Space Station's Software
Support Environment (SSE) and the DoD-sponsored Software Engineering Institute
(SEI) and ADA. NASA also participates with DoD and other national bodies on several
advisory and technical coordination committees.

Program Manager: Paul H. Smith, (202)453-2753
Paul Hunter, (202)453-2704
NASA/OAET/RC
Washington, DC 20546 57
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Map Irregular Problem to Regular interconnection Topology

4-Dimensional Hypercube
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Controls and Guidance - Aeronautics

The overall objective of the Aeronautics Controls and Guidance Program is to provide
a validated technology base leading to the development and exploitation of new
concepts, analysis/design methodologies, and flight systems for future civil and
military aircraft. This technology base will provide increased efficiency, effectiveness,
reliability, and safety for new aircraft. The program is organized in broadly
applicable, generic elements and in more focused vehicle-specific elements. The
generic elements are Control Theory, Guidance Technology, and Flight Crucial
Systems. Vehicle-specific elements are Generic Hypersonics, Subsonic Transport/
Commuter/General Aviation, Rotorcraft, and Fighter/Attack.

Research in the Control Theory element is directed toward the development of
improved flight control analysis/design methodologies for highly integrated, robust
flight control systems. These methodologies will account for strongly coupled,
nonlinear plant dynamics. In order to develop an understanding of the dynamics of
new vehicles, such as VSTOL and High Alpha research vehicles, system and
parameter identification methods are being developed. New control approaches and
concepts are exploiting emerging technologies such as artificial intelligence.
Research in the Guidance Technology element involves the development of satellite
precision navigation concepts and advanced technologies for wind shear detection and
avoidance. Flight Crucial Systems research is directed toward the development of
design, assessment, and validation methodologies for flight crucial systems.
Increasing emphasis will be placed on developing engineering tools that support cost-
effective certification of future fly-by-light systems in flight crucial applications.

Generic Hypersonics research is focused on development of multidisciplinary
modeling meth-ods, integrated aero/propulsion controls, handling qualities criteria,
trajectory optimization for hypersonic vehicles, and instrumentation for both flight
and ground testing. In the Subsonic Transport element, activities are directed toward
technologies that will provide more efficient civil transport operations in the future
National Airspace System. The development of efficient 4-D guidance/control systems
leading to enhanced efficiency and capacity in the terminal area is a major thrust in
this element. Technology developments in automated mission management and goal-
directed flight path management leading to automated nap-of-the-earth flight
capability are areas of emphasis in the Rotorcraft element. Research in the
Fighter/Attack element is focused on advanced guidance and control concepts for
future superagile aircraft, development of automated flight test techniques, and
development of multidisciplinary design methodologies for highly interactive dynamic
systems.

The Aeronautical Controls and Guidance Program involves analytical and
experimental research performed by in-house, university, and industry personnel.
Extensive use of ground-based simulation is a characteristic of the program, with
selected flight experiments being conducted in a variety of aircraft. More emphasis is
being placed on carrying the most promising concepts into flight evaluation and
validation programs.

Program Manager: Ray V. Hood
NASA/OAET/RC
Washington, DC 20546
(202) 453-2745
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4D Trajectory Generation Techniques
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Separation Conflict Induced by Incompatible Speed Schedules
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Controls and Guidance - Space

The Space Controls and Guidance Research and Technology Program is directed
toward improving the next generation of space transportation systems: the
President's Lunar/Mars Initiative, large future spacecraft, space systems such as the
Space Station, large com-unication antennas, and high-precision segmented reflector
telescopes and interferometers. The new generation of transportation vehicles is
being challenged with demanding requirements to provide an order of magnitude
reduction in cost as well as an increase in capability; the Lunar/Mars Initiative will
require reliable avionics systems; and future orbital facilities will have demanding
control requirements for pointing and stabilization, momentum management, build-
up and growth accommodation, and disturbance management.

To address advanced launch requirements, research and technology for adaptive
guidance is being pursued. A forward-looking laser, detecting wind velocity in
advance of the vehicle, provides the data for calculating, on board, the desired load
alleviation trajectory. This technology has the capability to provide large reductions in
operations support in the planning and generation of the mission software and
mission control. In support of the Lunar/Mars initative, the Advanced Information
Processing System ( AIPS ) forms the basis for our research and technology program
into highly reliable fault tolerant distributed control systems. AIPS, along with long-
lived, reliable avionic system components, will greatly assist our ability to realize the
President's Initiative. For complex space systems, computational controls are being
developed to provide cost-effective, high-speed, high-fidelity control system simulation
and analysis and synthesis tools. The thrust of this work will be to develop methods
and software to enable a 4 orders-of-magnitude improvement in analysis and real-
time hardware-in-the-loop simulation for control design certification. To address
future orbital facilities requirements, an advanced technology program is under way
in system identification, distributed control, and advanced sensors and actuators. A
new area is under way utilizing advances being made in microsensors and motors for
acceleration and rate gyros; this produces highly reliable systems based on high
multiples of hardware redundancy.

Program Manager: John D. DiBattista
NASA/OAET/RC
Washington, DC 20546
(202) 453-2743
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Data Systems

The Data Systems Program consists of research and technology devoted to controlling,
processing, storing, manipulating, and analyzing space-derived data. The objectives
of the program are to provide the technology advancements needed to enable
affordable utilization of space-derived data, to increase substantially the capability for
future missions of on-board processing and recording and to provide high-speed,
high-volume computational systems that are anticipated for missions such as the
evolutionary Space Station and Earth Observing System.

The Data Systems Program supports fundamental research in such areas as laser
diodes, supports work to select and provide the appropriate on-board processor
technology for future NASA missions, and also supports the development of two flight
processors with special architectures. The ongoing support for solid-state laser
research leads directly to the development of a nine laser diode array that is used in
the Optical Disk Recorder. Some laser research efforts are focusing on Space Station
data handling applications. These devices are being developed to handle both the 300
Mbit/sec basic data rate and the much higher rates needed to support networking and
computer internal communications. Complementary research is being supported to
characterize the fundamental performance and properties of various alternative
networking.

NASA missions require processors that will work very reliably in the space
environment. Computer systems for missions in polar orbit and some planetary
missions must operate reliably in high radiation environments. The Data Systems
Program capitalizes on the dramatic advances in electronics, computer systems, and
software that are occurring in both the public and private sectors. It fosters and leads
the development of technologies required to meet NASA's unique data systems needs.
NASA technical expertise is being applied in cooperative arrangements with DoD,
and products from the DoD VHSIC program and other DoD developments are being
assembled into processors for testing and evaluation.

The Advanced Digital Synthetic Aperture Radar (SAR) Processor includes a special
architecture and algorithms to process SAR data. The unit will have a compute rate of
6000 megaflops per second. The Massively Parallel Processor (MPP) is being used for
ground processing of space image data, SAR data, and spectral analysis. The MPP
utilizes 16,384 processors. The research applications developed on the MPP have
verified the expected tremendous computational power of the MPP for the target
applications. Researchers outside of NASA in several universities, research centers,
and industry have been given access to the MPP to gain an understanding of its
capabilities, and they have applied these unique resources to a broad range of
computational problems.

Future objectives through the Civil Space Technology Initiative in High Rate/High
Capacity Data include data system architectural studies for new space initiatives,
significant advances in technologies and capabilities for on-board image processing,
data compression, high-volume block access storage, data networks, spectrometry,
and adaptive sensor control.

Program Manager: Paul Hunter
NASA/OAET/RC
Washington, DC 20546
(202)453-2704 131
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CHIP Functional Block Diagram

l o — ‘.
ENABLE . |
CODE |
—iy
______PREPROCESSOR E— ™|SELECTOR !
! i
| | | CODED
?': ;Arrs | 10 & | 11 ouTPUT
PARALLEL ~i3 As 2a-1 0<aco | 8 I x | | l1emits
> 5 =42]A] -b<aco [128ITS Ly < | PARALLEL
- . 9#‘\[ | E |
OTHERWISE | L_BAckup | < ;i
| |
SAMPLE I |
CLOCK DELAY } :
> ! !
REF. SAMPLE | H
1
_________________________ [ OO |
Y147
y
HIRIS Command and Data Subsystem
HIRIS i SCHENCE DATAPEODE 0 &
IRDETECTOR H - i | [
ARRAYS | cinnaL o OPECTRAL DATA i : e
oTmnel TN || COMPRESSOR | - o
, SHERL Epiton 1 (10 CHANNELS) | ‘ :
ATOD : il 3 e -
CONVERSION > 4 ‘ ) L
50 > e S S R CEHGINEERING N
Mbit sec HARDWARE | : LATA
EACH MODE !
{BURST) CONTROLS —
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147



Z160-9SE (818) “IdL ‘Swmer Jreq
10871U0)) [BIIUYI ],

‘aremprey
XVIN 40 SOINSO) jo uorjejusmadurt 93 Surre)s apnout
os[e sue[d 198 [00} 3IBM}OS XVIN 93 pue sdiyo suored
-Tunwwod [STA 9y} Jo uonjeidwoo spnpout sueld 1661 X4

Idf JO 9S0Y) SB [[9M SB SUOISST
VSVN Jo speau dunndwoo ssodand-[erouad o[qeoosato;
a3 a[puey 03 pajoaload s1 pue diysaosuods qo(q s9pun
padojaaap sjusuodmod (DISHA) noa1) pajerdaju] pasdg
Y31 L19A 9sn [[M WISAS STY], "SwIsLs 10ssooordymu
Jo [o13u00 mopjelep Yiwm soudLadxs 119y} uo prmq pue
UIqUOO [[1M YITYM ‘Wwd}s£s 193ndwod SONSOD 23 10] uot}
-eoywads pue ueld jurof e padojaaap aaey Dyer] pue 1d4r

"‘pedoraasp 3utaq st 19a0x Axejoued
STIOWOUOINE UB S[0I3U00 jey) uonedijdde uorjerjsuowap
V ‘undaq sey SJI9[[0IJUCD UOBITUNWWOD J088900adIajur
XVIA 343 jo uongjuawa[dwt (ISTA) ML) pajerdaquy
9[edg adxer] A19p 'p9say pue pajuowddwr uosq sey
§3[NS3J JO 3UT0A [3LM 9p0d uoyjedI[dde [BI1LID JO UOTINIIXD
juepuUNpIY "UOCIEN[BAD Juapuadaput 10] DYV 09 PaIaAl[ep
uaaq sey sanpow 3urindwod sy} YIM WINSAS XVIN V
'§[00} 3udWd0[3A3p 8IBM1JOS JO pUR SaINJBIJ JUBII[0}-}[NB]
Jo uonejuowerdumr panurjuod wexdoad XYV 943 ‘0661 Ul

“&yIiqer|as
duistmordwod 3noywm swmnjoa pue ‘romod ‘ssew wWIsAs

9ZIWIUIWL 0} J3PIO Ul SIDJINOSAI IBMIJOS PUB dIBMpJIBY
a[qe[reae jo L31[1n ayy seztmrxew yoeoadde siyJ, ‘Surjood
904N0S3I drempIey uo paseq yodeoadde pojudLIO-wWA)SAS
anbun e ojur sayyIiqeded 9dUIp MIU 3SIY) SAFBISAI]
aInpPAIYaIe XY Y] -oiqussod mou st uogerado yerd
-aoeds snowouojne pajerdajul ‘(Joq Aq pedojaaap sI108580
-0ad yyead9oeds soururiojred-y3ry mau Jo JudApe 9y} Y

‘LyIqer[as paseardur
10§ Aouepunpaz sjeudosdde Jururejureur S[IYMm JUIWUCIIA
-U3 UIALIP-B}EP pUE -jUdAd ‘QUSIUluLId}dpuou A[Y31y e ut
NOIX 03 SSB} ISIY)} SMO[[E 1] WIsAs Furyerado [3A9]
Y31 L1934 B ST SjUdW[9 Is9Y3 Surjea)soyor() ‘syse} pue
SJUDAd SUII}-[BAX PIJBUIPI00d A[IYS1) SIZIUOIYIUuLs ey}
WINIPSW }SBIPROI] B S8 I3YJ0 3] ‘()/] PUE SIUIWI[S 359}
usamiaq Aemydy ejep sawud 9y} se sojerado yiomidu
9u() ‘4£3010d0} HI0MIOU [BNP B BIA PIJISUU0D SIUSUWIS[
duyndwod [BUOIIUSAUOD JO Jequunu AUB JO §ISISUCD XVIA
‘padoaAap sem 31NN WoIe XV 943} ‘Ayfiqer sl SunygLoes
INOYIIM d1BMpIRY d[e[reA. 3y} Jo asn [ewn3do syew pue
umop §3500 o9y 07 13pJ0 U] ‘SIUTRIISUOD pUR sjUdWAIMbax
anbrun sey £3o[0uyo9) Juissavcoad euoneyndwmod preoq-uQ)

‘sjuemaImbar uosstw jo ofues apim B
0} 9[qeIN3yuodal A[ISed S1 PUB ‘YUSWUOIIAUSD USALIP-JUSAD
‘a[qerorpaadun ue Ul SYSE} JO UOTIB[[00 snooudadorajoy
‘@a31e| v jao0ddns o) paudisep usaq seY 3j] "SUOTJEIIWI]
90anosaa 1431 0} paydepe L[reoyads arnjosygose Sunnd
-wod-[a[esed juetao}-}nej B St XY "si2aol Lrejsueld
pue jerdsoeds A1ejauediaur Jo speau Ljiqet|al y3y oy
$9SSaIPPR 18] U WIUOIIAUS pue wd)ss Furyndwoo asod.md
-[eaauagd ‘awt}-[esa e do[aA9p 03 stwrer3oad s1y) JO sN00} 9Y ],

Jaindwoaiynyy b4 XYW

148



MAX Architecture

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH 149



16%1-¥98 (¥08) ‘OYe] ‘sodey P (ned
VBIU0)) TeOTUYI,

"SUOISSIW YSVN 21nng reryuajod 10] wesds 3urjeaado
o¥gerI/1dr yuol e ojut pajerodiooutr uay} pue swNSAs
OISHA ut0qaoeds ut pajenfeas aq [[ WINV.LV jo suots
-I9A PAOUBYUD ISIY], 'SOWI} AOUI)B[-9pOU [BO1JSTIB]S puER
‘sad A3 1088900ad a[dyynw ‘qde13 dures ayj Jo sUOTIBIJUB}SUT
s[dypmu ‘sydeid siduymum Surpnpur suonenjs ydeas
Jo ssep J3pM © 0} Ly1iqeoridde s31 uspeolq 0} aamyny 3y}
UIpIRDUBYUD 3] [ WINV.LV 'P23I593 A30[0poyow IWINV.LV
ay) pue pajerdmod aq [ NV Y3 uo waysLg Suryerad()
sondwoony WINV.LV paterdsjur ay; jo Suddngaq

"8urys9) 19YIMy 103
aul[-}JO UdXe) pue (pade[dad 10) PapN[OXa A[[BI1jBWOINE A
ued sx0883001d £3mej jey) pue ydeas e Jo sapou 2Indaxs 0}
pauaisse aq [ 81088300ad AY3[BOY A[UO 1B} POOYI[SYI] oY)
saouBquo yoeoxdde 3uryse)-J[o8 pOXIULIAUL Y], ‘WINSAS
arempaeq DISHA d[qe[rese ue ut £3srea)s Sutssecoadyymu
WINV.LV 343 jo 8unyse) pue ‘3urddngap ‘uoneidagul [euy
3} 9[qeud 0} sHIULdWA[d L3y atB yYowvoadde avejIANUL 1893
aAmsnujuruou 3y} pue sjyudswdoreAsp sremijos Jofewr ay,

‘uorjezuIdRIBYD dduewiojled WINV.LV
(Mg 938308} 0} UNdaq SBM SIBMPIBY SY) OJUT SIBMYJOS
WINVLV 943 Jo uoljeadaym oy, ‘goroidde WINVIV oy}
Jo A3[1qe1a 33 AjL1aA 0 wIyILIO3[B 189) BPY Ay} pue sydessd
pajenuis-awy ayy Jo swuswopad ay) ajen[eas o) pado
-[9A9D SEAM POYISW 0BLINUIL 189] Y "UOIINISXS WjLIoS[e

Y3m 3uns-J@s 10ss900ad jo FurxiuLIajur 9y} papnjout
uonjejuswa[dwt 9y ], ‘pa1d[dwco sem aremyjos yoeqierd
JazATeue Y3 pue ‘WV 9y} 10J SUOLOUNJ UOIJBOTUNUITIOD
d15Bq 31} Sepracid YpIyMm (SO3) WsAg Sunersd( sutayf
9y} ojul pjeIZAUL A[NYSSIONS 3I9M SO IWINV.LV Y.L

"souewLIOIad wa)sAs azLIajoer8yd
0} P3sn 9Ie SWYILIO3[e PIJE[NUIIS-oWT} PUB EPY Ul PIPOd
WY3ILI0S[E Uy "SuonB[WIs WNV.LV areredos wouy pautm
-1979p ey} Yiw paxedwod pue pazATeur usyj) ST WUILI
-03re uoneosrdde ue jo souruLIo)Iad po[rElep ‘UOT}BULIOFUL
poyaew-owryy 9y} Suls) ‘uUOVNI9Xd Juump ydesd wyiu
-03[e 9y} JO SIPOU 3} JO UOTINIIXD PI[TB}AP Y} Sunjrew
-aw1) ‘sjudAd juejrodun sanjdeo o0y pue wshs ayy jo
N0 pue Ut Bjep pajenuls ssed 03 08I U ECCT S, WaSAS
9y} sasn awayas jndinosndut uy -£3338138 WINV.LV 24}
§182} J1 pUB ‘SNq UOWIWIOD B U0 PIJI_3UUCOII}UL 8.10883001d
[orrexed anoj Suturejuod (NAV) [PPOo]N do[eaag paouea
-PV VO0SLI padojaasp-oaioq Iry Ue ojul st WNV.LV
Y} sjedxnur yoaessas sty ‘ydead oy} jJo uopnodxs
9y} seziunydo jey) JOUUBW B UT W)sLs Jossavordnmu
B Jo 81085300ad [eonryuapt 03 ydead wyjurodpe uorjeoridde
uretd adxe[ g Jo S9POU Y} Jo Juowrugisse Jrwreusp 9y} J0§
sapuoad WINV.LV 94} ‘4398138 Sutssacoad juaLmouod y

‘8uissaooad auroqaoeds awrty-[ead 10j 3I8-9Y}-J0-3)e)8
9y} ddouBApE 03 WIV.LV 0} SHusmwodueyqua £J1jusapl 03 pue
1d30u00 WAIV.LV Bl 83 jo soueurioriad ay) 9)Bn[eAd 0}
£3010uydd)} (QISHA) 1ML pajeadaju] paadg YSry L1
QI pajeouqe) wayshs Iossedoxdnmu asodmd-resousld

B U0 (WIVLV) [°POW 3uiddely a1mjoeyqary 03 wqiLr
-03[y 9y yuswadurt 03 s1 wreadoxd sryy Jo aArdalqo Ay,

10ss3201d1}INN HISHA UO 8duewWIOHad WIWVLY JO uonen|eAs

150



VHSIC Multiprocessor Flight Brassboard

ORIGINAL PAGE
ORIGING. PAGE iS BLACK AND WHITE PHUTOGRAPH
OF POU® QUALITY

151



LEBT-¥98 (¥08) ‘OUET ‘[MYS 'V SBWoY,
10BIUOD) [EOTUYIA],

‘undeq sey 3urpod
pue ‘939[dmod s1 udisep [opow IYJ, ‘PIPN[OUI U SBY
£31A908 Surepowt WSS B ‘masLs 9ja[dwod e preoqpesalq
0} 3[qISe3] J0U S1 J1 UIS °PIUYSP U AR SOLIBUIIS
uoyerado pue 90BLIUI UBIMEI)S B DUER ‘paysI|qe}sd
udaq daey syuswarmbax uonyeordde gOF 'paq1s91 DJSHE
Ul UOYBI}SUOUWIIP I0J PAUYSP 908JINUI 3|} PUB PIIB[NULIO]
u33q ARy sue[d °poIsd) pue pado[asep udaq sBY [SUIOY
wsds unerado sossavoxdyymu ad£j0j0ad y "D ISH woy
saAljBjuasasdar pue siosuodsoo juswruionod £q papud)
-J8 §BM [OIYM ‘M31A3I UIISIP [NJSS900NS B Ul PIJBUTW[NO

pue pya[durod sem udissp Areutmifaxd 9y ], ‘panujuod sey
juomdoeAap J19[[01ju0d pareoqpealq ‘1esk jsed ayj Suun(

"uoIRIISUOWOP WISAS pag)sa) pue
JTUN JALID PIEOGSSBIA] B YIIM UO0TJBIF)UT UL 3JBUTND [[LM
juowdofaAsp pIeoqpeslq ‘SPUBWIWIO) PUB SI0BLIIUL JISN
Jo uonuysp pue ‘saurjapms [euorjerado Jo jusawysIqe)
-89 ‘83d80u0d WPYSAS JO UOLBIYLIdA SIpPN[OUL SIY], UM
J0 peax pucoas-1ad-sjiqesdaur (g 10 SJLIM PUE PEal SNodU
-ej[nuwats puodds-1ad-sjrqedsw (g1 Je uorjerado ja0d-z e jo
UOJBI}SUOWSP PUe Ud1sap preoqpealq s1 siseyd wa juarImd
3y ‘uoneoyrrenb y3diy pue jusmdo[easp SuLeourdua
y3noxy; preoqpeasq woyy pauued styusmdoosap paseyd v

"(SOW) wasAg 3utatesqQ Yureq aq) Jo poddns
ut surojje(d 3unyiqro-tejod preoqe uoryedridde st weadoad
3y} Jo sndoj ayJ, ‘Ajwededo pue ajes ur uoisuedxs pue
saoejIjuLIasN dywads-uonedrjdde sepiacad pue jrun saLIp
ouauas e Jo Judmdo[aAdp SMO[[e 1B8Y) I[[OIJUCO PUE 3In)
-0931yo1e WNsAs v do[aasp 03 st wrexdoad sTyq3 JO ISNIY) YL,
"J9PI0JAI A[JBSIIA B JO JUIWI[D SUT[EUS 3} STIS[OI}U0D Y],

‘suorjedrdde snoLrea £jsyes 0} PN
-lqase sjqepuedxs ‘o[qeandguoo pue ‘vjerindino pue jndur
puooss-1ed-11qedd g 1 v o3 dn (914qesd 0z1) 3iqesas | weyy
J91e943 Jo £yoeded B 3m mwdyshs e do[aaap 03 st [eod ay,
‘puoaq pue sQ661 23 Jo spasdu jy3rygeoeds Lywedesr-ydg
‘@e1-y3iy YSYN 199w 8} swo)sis 98BI0}S SSBW 3DUBW
-Jojxed-y3ry apracad [ ‘S3[NPOW SALIP FSTP YOS YILs
PAULQIIOD USYAM ¢ JeY3 IS[[OIFUOD TE[NPOW ‘9[1JBSI3A B dO[2AD
0 st wreaxdoad juamdo[aaap (HJOS) 19p1029Y {siq [eoudQ
1y3yeoedg a3 03 mrexdoad uorured uxod s1y) Jo 9A1303(qO Y,

awdojaaaq 13(|011u0) HAOS

152



30dN0S3Y IOVHOLS VIV SSVYN
3OV4H3INI SO3 01 HAOS

NV TVRO X

NOILVYHIdO HOSSAD0HA LN 40 ON3A
Ld3ONOD HITIOHINOD WILSAS

HOLVINNIS 3AIEA HLIM NOLLYHIJO 1HOd OML

a34 1531 ayvoaav3dg 13A31 dOL

S AOMIMOD AALSAS

4

313TdNOD NDIS3A 13A0ONW WILSAS @

a3HSINgv.1S3 SOIHVYN3OS Yiva
ANY SINIWIHINOIH NOLLYOIddY SO3 @

U3NI430 30OV4HIINIQ3a1531 O4SO
NV 3AIHAO-0L-H3TI0HLINOD NYWMVHLS @

03dAL010Yd TVNHIN
WILSAS DNLLVYHIHO HOSS300HCLLINN @

3131dWOD NDIS3A AHVNIWNITEHd
HITI0HLINOD QYVOaQVvIHE @

J

juawdojanaq J18jj0nuo0d HAOS

153

~

R IR TTY

Ly o
.

CUNEL PAGE IS

¥
G



LEBT-¥98 (¥08) ‘DY¥T ‘IINYS "V sewoy,
19BJUO0)) [edUYIRA],

"$661 AJ UT UOTIBIISUOWSP 3431]J 10J 3TUN SALIP PIBOSSRIq
B8 Jo Juamwaindoad ajerirur 03 pesn Suteq axe Surpuny LABN
PUB YSYN ‘I9[[0I3Uc0 pue SALp YSTp [eondo payrenb
Y31y £[a79(dwod e jo juswdo[aasp premo} uowINpal
Ysu £3ojouyde) juvogrudis syuasoador YIom JuaLIND Y,

(§914qe313 091) 831qRIy)
Z'T 03 dn seywedes pue (a19pi0dax adey Jydig 40 soWep
8urpaooax eonydo pauue(d 10 umouy J9Yj0 Auv SPIIOX
jey} 39BI B) puodas-1ad-31qedd 1 jo ssa0x2 ul SIjBA BIEP
urejqo 0} sa[npowr dAup a[dymu jo asn ay) Surpaoddns
wsds dqepuedxa ‘O[quaniyuco v sonpoxd 0} Lej3uer]
18 pado[aaap Juraq ST J9[[OIJUOO TRNPOW PIFBLOSSE Uy

"SpIepue)s 1893 BIpaw QW Youl-| pad3na ysiqelsa
0} pauL1o} usdq sey dnoud Supjiom Ansnpuyqod/VSVN
/LSIN paitosuods-yQyN vV ‘urexdoad 9210 1ty uorued woo
€ 0} dqeasjsue) A[30aa1p st L3oouydey styy, ‘Jumpeso
-od §1 sjULTIUOIAUS ysIey J0j uorjezimyydo souswLIoLIad
BIPIW pue ‘unss) [BIUSWUOIIAUS SUOSISPUN PUB PIdNP
-01d U33q 3ARY BIPIW 9BIISqNS SSBLY) *(IIJU)) YOIBISIY
Jouteg prag(] je) ur-uinq jo sanoy (QQ‘T papasvxa sey
J98e[ JUSW[-3UTU ¥ "DYE'] I8 159} I9PUN S.18 PUB PAIIAT]
-9p U9a3q dAeY sa[duweg 'S9V1ASP paAlf-1a3uo] snyy ‘(Jeoy
889] unjersusd) jusldoyje aI0W SI[qRU ey} pado[eAap
SeM 3INJPTUIIS J3SB] MaU B ‘eaf jsed ay) Buump os[y

"901A3D
931078 BIEP YSIP UMOUY J3Yj0 Lue Jo Ajedeo pue el
9y} Surpaddxa 30rINS {SIP 9uo uo Ljweded (J1q ot0T X %)
9)£qed13-¢ pue 3je I3jsULI) BIBp pucdss-1ad 1qeIow-geT B
sjuasaxdal sty , “erpow ayp) uo  Nrew, ay) jo ojoyd 8doosord
-Twr pazLre[od 9y} Ul UMOYS I8 BIBP UNILIA PIASIYOE
u93(q sBY 3UTpI0aa J0BI}-1YI19 [N B 8)es}suowap 0) 603
066T AJ 9Y} pUe 8861 Ul PIBIISUOWIP SBM AJI[IqISEaY
"Aquasse peay 513d0-01309]3 YOBII}NUL B PUB ‘8LB.LIG I9F8]
9pOIp jusWS[aY[NW eIpawl (Q]N) 213do-0joudew your-p1
‘58318 JUaWdo[249p A30[0UY03) 93IY) AIB IBY], ‘SW)SLS
a38.1018 sseW ‘30uBWA0)13d-y 31y 10] S1SBQ Y} SULIOJ YIIYM
‘A3opouyda) YSIp reorydo s[qeILIMol UO PIseq SWA)SAsqns
pue sjuauod w0 do[aAa3p 0} paysiqe)s? usaq sey urexdoad
A0S YL "puosaq pue sg61 943 ut uorjeioidxa Lrejeued
PUE ‘SuolssTII AIBUONB}S093 ‘U0TIBAIISqO Yrey Surpnp
-Ul SUOISSTm YSVYN 2dnjny 10§ Liqeded 3urqeus ue sv
paynjuapt uaaq sey ade10s eyep Ljweder-ydy ‘ajer-ydy

(HAO0Ss) 19p10day ysiq leando wbiyeoeds

154



Sdan £c1 © DNIGUOI3H MOVHL LHOI3

Q31531 / @343IAIAA AVHEY 3ONVHNI (G31S31/a3H3ANAA MSIA SSV1D
INGWJOTIAIA HIASV1 INIWJ0T3IA3A VIdIW

NAL PAGS

OF POOR QUALS

.
H
[}

ORIG

sjuawysijdwosroy weibold HAOS

155

[ 4

¥






Human Factors — Aeronautics

The objectives of the Aeronautics Human Factors Research and Technology Program
are to provide the technology base and capability to design effective crew-cockpit
systems and to advance solutions to human factors problems affecting air transport
and rotorcraft safety and effectiveness.

In the past 5 years, major steps in cockpit automation have occurred with the
introduction of more flexible electronic displays and a variety of automated flight
system management devices. They enable third-generation jet aircraft (i.e., B757/767,
MD-80/90, and B747-400) to have fully automatic routine flight from takeoff to rollout,
regardless of weather, and with reduced inflight workload. Higher levels of
automation have been associated with certain problems as well as benefits. The air
traffic management system has not kept pace to permit full use of these capabilities.
Changes in ATC instructions on the flight crew's tasks, especially during descent or
in terminal areas, result in very high workloads and, under some conditions, may
divert the crew from monitoring and managing the aircraft's progress and safety.

Major steps in cockpit automation have occurred with the introduction of more
flexible electronic displays and a variety of automated flight system management
devices. A major focus of human factors research has been directed toward new
human-centered interfaces and displays that provide increased margins of safety
while taking into account the potential value of computer-based and automated
system technology. The multiyear program of research, beginning in FY 1989, is
focused on new display technology for use by cockpit crews, human-centered
automation, and better use of information processing and management systems
within the cockpit and between flight decks and air traffic control stations.

For the past year, NASA researchers at Ames Research Center and Langley
Research Center, together with their cooperating universities and contractors, have
developed large display devices and presentation methods for restricted visibility
cockpits. Other research in computational vision and three-dimensional auditory
methods have allowed an expansion of human capabilities to deal with increasingly
complex information systems.

NASA researchers, with their academic counterparts, have identified effective
methods to reduce fatigue during long, Pacific-rim flights. As a result of these field
studies, the value of preplanned, in-seat rest has been identified and quantified.

In the area of helicopter research, NASA has identified major advantages of low level
displays for nap-of-the-earth flight. Certain display characteristics can enable the
pilot, under heavy workload conditions, to guide the rotorcraft through obstacles
under both day and reduced-visibility conditions.

Progress continues to be made in dealing with the complex problems that exist in in-
flight diagnostics and datalink methods and in the effects of boredom on cockpit
crews.

Program Manager: James P. Jenkins
NASA/OAET/RC
Washington, D.C. 20546
(202) 453-2750 157
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Evoked Potential Monitoring Task
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Figure 1

DISPLAY AFTER CHANGE
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Workload Effects on Evoked Potential (EP) Peaks
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Stereo 3-D Displays

Parallax Induced Depth Perception

Object

retreats Backward

Object
advances

Forward
movement

Head Movement Effects with Constant Lateral Disparity

Figure 1

Parallax Effect With and Without Correction
Normalized to Screen Distance

NORMALIZED TO SCREEN DISTANCE

FOR BACKWARD FOR FORWARD
HEAD MOVEMENT HEAD MOVEMENT
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% . 5 NO MOVEMENT
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";_; 0 -5 *——@
O 10
-5
o -15

ey 20 R

03245 20 2 4 6
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Figure 2
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Stereoacuity Experiment Results
Control Condition Vs. Transition From Flight Displays

(Averaged Data From 8 Pilots)
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8.
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(ARC SECONDS)

o

CONTROL NON-STEREO  STEREO
CONDITION

DISPLAY TYPE

Control Condition Vs. Transition From Flight Displays

(Individual Pilot Resuits)
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+ At 1% Significance
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Pilots' Visual Range-Tracking Task and
Alternate Pathway Formats
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Human Factors - Space

The major goal of the Space Human Factors Program is to provide the technology that
will enable safe and productive human performance throughout and after space
flights and planetary/lunar missions of long duration. Two elements of the program
are Human Factors and Extravehicular Activity Systems. The Human Factors
element has three major subgoals:

Human Performance Models, Data, and Tools allow us to understand human
activities in the physical, mental, and perceptual domains and to identify important
lessons learned about human activities from prior space and lunar missions. To this
end, Johnson Space Center is using a laser-based human body mapping system to
measure different anthropometric sizes and shapes for incorporation into a large data
base. This data base is employed, along with a spatial computer image graphics
system, to analyze human motion under zero-gravity conditions, from the simulated
human bodysized figure performing a variety of new activities on board Space Station
Freedom or the Shuttle orbiter. At Ames Research Center, human performance
models for computer-aided engineering, a program initially developed for
aeronautical applications, are being modified for space applications.

Crew Support and Enhancement address the development of technology and its
applications for the evaluation of the crew's living and working activities in the
spacecraft, in the planetary/lunar habitat, and on planetary/lunar surfaces. During
the year, a number of projects were completed. At Johnson Space Center, new
computer graphics were developed, particularly new graphics methods for portraying
procedures that reduce human error. Also, advances in information management
methods for application to Shuttle maintenance operations were developed at Ames
Research Center. Data from Kennedy Space Center operations are being used as a
testbed for managing information processing in Shuttle maintenance operations.

Human-Automation-Robotic Systems determine the means by which humans and
automated or semi-autonomous systems can effectively work together. A major
project at Ames Research Center is the development of the Virtual Workstation as a
user interface device for exploring lunar or planetary surfaces. The effort this year
has been to obtain a MARS-like data base and begin to employ it in simulated
missions. At Johnson Space Center, effort was directed toward identifying the best
location of visual sensors for teleoperations.

The second major area of technology development is Extravehicular Activity (EVA)
Systems. In the past year a formal test and evaluation program for the AX-5 and the
Zero PreBreathe Mark III EVA suits was completed, and results were evaluated by
an internal NASA panel of experts and astronauts from Ames Research Center and
Johnson Space Center. Research to develop a voice-actuated control system for
commanding a data display on EVA suits was completed. Initial concepts for a wrist-
mounted electronic display for EVA suits were developed at Johnson Space Center.

Program Manager: James P. Jenkins
NASA/OAET/RC
Washington, DC 20546
(202) 453-2750
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Demonstration of EVA Suit Technology
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Sensor Systems

The objective of the Sensor Technology Program is to provide necessary expertise and
technology to advance space remote sensing of terrestrial, planetary, and galacti¢
phenomena through the use of electromagnetic and electro-optic properties of gas,
liquid, and solid-state materials technology.

The Sensor Technology Program is divided into two subprograms: a base research
and development part and a Civil Space Technology Initiative (CSTI) part. The base
research and development consists of research on artificially grown materials such
as quantum well and superlattice structures with the potential for new and efficient
means for detecting electromagnetic phenomena. Research is also being done on
unique materials and concepts for detector components and on devices for measuring
high-energy phenomena such as UV, x-, and gamma rays that are required
observables in astrophysical and solar physics missions.

The CSTI program is more mission driven and is balanced among four major
research and development disciplines: (1) detector sensors; (2) submillimeter wave
sensors; (3) lidar/DIAL sensors; and (4) cooler technology. The first discipline plans to
develop large spatial imaging format arrays in the near (1 — 30 mm wavelength) and
far (30 — 200 mm wavelength) infrared portions of the electromagnetic (EM) spectrum.
These goals are crucial to enable spaceborne remote sensing for the various
terrestrial, planetary, and astrophysical missions. The submillimeter discipline is
dedicated to developing the technology to enable heterodyne receiver instruments for
remote sensing in the 300 to 3000 GHz frequency regions of the EM spectrum with a
focus on developing local oscillators, frequency mixers, and quasi-optical technology
in this region. Backward wave oscillators, lasers, and quantum well devices may also
have potential as oscillators. In the third area, DIAL/idar (DIAL stands for
Differential Absorption Lidar, and lidar means light detection and ranging) consists
of research on techniques for enabling active remote sensing in which a coherent
source such as a laser is used to probe the environment. Research is concentrated on
technology for obtaining tunable, frequency stable, and pure space qualifiable lasers.
Finally, in the last discipline, research is focusing on technology to enable cryogenic
coolers in the Kelvin to sub-Kelvin temperature regions in support of efforts in the
detector and submillimeter wave sensor thrusts. Work includes research on various
cooler concepts such as the pulse tube, adiabatic, Helium 3, and zero-gravity
refrigerators and their corresponding component development.

Program Manager: Ramon P. De Paula
NASA/OAET/RC
Washington, DC 20546
(202) 453-2748
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